Dural sinus malformation occasionally results in the development of giant venous lakes involving torcular herophili. Such dilatation can result in the formation of a massive venous thrombus leading to ventriculomegaly/ hydrocephalus. Although, majority of patients have an unremarkable clinical course owing to spontaneous resolution of the thrombus, significant morbidity and mortality has been documented. We report the first case of torcular thrombosis in a preterm infant who survived severe anemia, consumption coagulopathy and high-output cardiac failure during the neonatal period and had a normal neurological outcome.
Introduction
Torcular herophili is a confluence of dural venous sinuses. Ectasia of the torcular herophili is a variant of dural sinus malformation. Two secondary events may ensue with ectasiaFdevelopment of arteriovenous shunts and disruption of venous drainageFleading to venous thrombosis and hydrocephalus. 1 Although a rare condition, torcular thrombosis, is often discovered on routine prenatal sonography. The condition often gets misdiagnosed as a dermoid or an arachnoid cyst because of its sonographic appearance as well as the relative unfamiliarity with the condition. 2 There are only 30 cases of torcular thrombosis described in the literature. The clinical progression and prognosis is variable per descriptions. [3] [4] [5] We report the first case of torcular herophili thrombosis in a preterm infant causing anemia, consumption coagulopathy and high-output cardiac failure. Despite the acuity, aggressive clinical management led to the survival of the infant with a normal neuro-developmental outcome.
Case A 32 5 7 -week gestational age of 2450 g female premature infant was delivered via cesarean section because of progressive enlargement of the fetal head. Fetal magnetic resonance imaging at 30 weeks of gestation revealed a large, heterogeneous cystic mass within the posterior cranium associated with ventriculomegaly. Foci of subacute hemorrhage were also noted within the cystic lesion with a tooth-like structure seated in the mass. Teratoma was considered as the lead diagnosis. She was born to a 30-year-old gravida 3 mother with two other healthy children. Maternal past medical and surgical history and antenatal screens were unremarkable. The newborn transitioned well to postnatal life with an Apgar score of 6 and 9 at 1 and 5 min, respectively. Physical examination was unremarkable at birth except for macrocephaly (head circumference: 35 cm, >95th percentile). Computed tomography (CT) scan at birth demonstrated a predominantly homogenous hyper-dense mass (5.1 Â 4.5 cm 2 ) within the posterior fossa with revisualization of a central tooth-shaped calcification (Figure 1a , b). Findings were again considered consistent with teratoma. During the first few days of life, she suffered respiratory distress syndrome requiring surfactant administration and a brief duration on ventilator support. On day of life #2, her hematocrit suddenly declined from 35 to 25% prompting an investigation for an occult bleed. There was no evidence of sub-capsular liver hematoma, adrenal or retroperitoneal hemorrhage on abdominal ultrasound. A repeat CT of the head showed interval development of acute hemorrhage into the large posterior fossa mass, a slight increase in its size, bulging of the occipital bone, splaying and displacement of the superior sagittal and straight sinuses. There was no evidence of filling defects in the dural venous sinuses (Figure 1c) . The size of the ventricles was unchanged. Laboratory evaluation on the same day demonstrated thrombocytopenia (51 Â 10 3 ml À1 ) prolonged activated partial thromboplastin time (41.5 s) and low fibrinogen level (124 mg dl À1 ). Consumption coagulopathy was established and it was managed medically with fresh frozen plasma and transfusion of platelets. Anemia required transfusion of packed red blood cells. Persistence of low fibrinogen level (121 mg dl À1 ) and elevated D-dimer (14 832 ng ml À1 ) prompted a cerebral angiography to determine a need for neurosurgical intervention. The cerebral angiogram performed on the following day showed normal arterial anatomy, but abnormal filling of the great vein of Galen during the early arterial phase. The vein of Galen projected to the left of midline due to mass effect and drained directly into a large venous lake surrounding the mass. These findings were consistent with the thrombosis of torcular herophili (Figure 1d ). In addition, a markedly delayed drainage into the stretched transverse sinuses and irregular straight sinus was observed. The infant was managed conservatively and no surgical intervention was deemed necessary. She remained well until 1 month after birth when she developed tachypnea, difficulty in feeding and exhibited overt signs of congestive heart failure. A two-dimensional echocardiography showed atrial septal defect with normal cardiac function. She responded to diuretics with improved feeding and resolution of tachypnea and was discharged home. Infant was followed in the neonatal follow-up clinic at regular intervals without intercurrent complications. Examination at 12 months showed persistence of macrocephaly, tortuous dilated veins on her right eyelid, normal developmental milestones and normal neurological examination. Her last head CT at age 12 months showed significant decrease in the size of the mass with stable mild ventricular enlargement (Figure 1e ).
Discussion
Prenatal diagnosis of thrombosis of the torcular herophili is rare, 6 and thus far, 30 cases have been reported in the literature. Diagnosis of antenatal thrombosis of torcular herophili is established typically around 26-30 weeks gestation 2 with few patients demonstrating associated signs such as fetal ventriculomegaly/hydrocephalus and cardiomegaly. There is no gender predilection and no antecedent maternal illnesses identified in the literature. In a majority of patients (75%), the torcular thrombosis regresses spontaneously without any postnatal complications. Prognosis varies from normal neurodevelopment outcomes 1 to mental retardation and death. 3 To the best of our knowledge, our patient is the first reported case of torcular thrombosis in a preterm infant who survived severe anemia, consumption coagulopathy and high-output cardiac failure during the neonatal period and had a normal neurological outcome.
Two secondary events, disruption of venous drainage into torcular leading to thrombosis and development of arteriovenous Thrombosis of torcular herophili V Pandey et al shunts are known complications in patients with thrombosis of torcular herophili. 3 Our patient had an acute decline in hematocrit along with an extension of the thrombus as documented on the CT scan. At the same time, her coagulation profile was indicative of consumption coagulopathy. It was corrected using blood products and no recurrence was noted. The arteriovenous shunts in this malformation are generally of low velocity and rarely cause systemic hemodynamic complications. 3 We speculate that the arteriovenous shunt do become clinically significant in the setting of a premature subject with other complications such as anemia. No interval events were noted during follow-up in our multidisciplinary clinic. At 15 months, she continued to have macrocephaly but with normal developmental milestones and complete resolution of the cystic mass.
We conclude that thrombosis of torcular herophili is a rare developmental anomaly of the dural venous sinuses with a good prognosis. Although a large majority of patients demonstrate spontaneous regression antenatally, secondary events that are clinically significant can occur. An awareness of these complications, prompt recognition and management prevents neurological morbidity.
